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(54) METHOD FOR MANUFACTURING GROUP XIII NITRIDE CRYSTAL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To easily 
manufacture a group XIII nitride crystal such as 
gallium nitride having excellent crystallinity under 
a low dangerous condition particularly by a 
solution synthesis. 

SOLUTION: In this method for manufacturing the 
group XIII nitride crystal, the group XIII nitride 




crystal having excellent crystallinity is obtained by 



heating a metal and/or a compound containing a 
group XIII element and an alkali metal amide of not 
— * less the five fold mol thereof under an ammonia 
— I atmosphere to bring the molten alkali metal amide 
into contact with the metal and/or the compound 
containing the group XIII element. 



[Claim(s)] 

[Claim l]It is a manufacturing method of 13 fellows nitride crystal which heat-treats metal 
and/or a compound containing at least one kind of 13 group elements, and alkali metal 
amide under ammonia atmosphere, A manufacturing method of 13 fellows nitride crystal 
contacting metal and/or a compound which alkali metal amide is more than a 5 time mol of 
metal and/or a compound containing 13 group elements, and contain 13 group elements in 
fused alkali metal amide. 

[Claim 2]It is a manufacturing method of 13 fellows nitride crystal which heat-treats metal 
and/or a compound containing at least one kind of 13 group elements, and alkali metal 



amide under ammonia atmosphere, A manufacturing method of 13 fellows nitride crystal 
which alkali metal amide is more than a 5 time mol of metal and/or a compound containing 
13 group elements, and is characterized by dissolving metal and/or a compound containing 
13 group elements in fused alkali metal amide. 

[Claim 3]A manufacturing method of 13 fellows nitride crystal given in claims 1 and 2, 
wherein a compound containing said 13 group elements is amide or an imide compound of 
13 group elements. 

[Claim 4] A manufacturing method of 13 fellows nitride crystal given in claims 1 and 2, 
wherein said alkali metal amide is lithium amide, sodium amide, potassium amide, or 
these mixtures. 

[Claim 5] A manufacturing method of 13 fellows nitride crystal characterized by a pressure 
of ammonia being 50 - O.lMPa in a manufacturing method of 13 fellows nitride crystal 
given in claims 1 and 2. 

[Claim 6] In a manufacturing method of 13 fellows nitride crystal of a statement, an 
impurity is added in a raw material at claims 1 and 2, A manufacturing method of 13 
fellows nitride crystal containing an impurity element, wherein an impurity comprises a 
substance which contains at least a kind of element chosen from a group which consists of 
two fellows from 14 to 17 fellows' element. [ 12 fellows and ] 

[Claim 7]A manufacturing method of 13 fellows nitride crystal arranging a seed crystal or 
a substrate into alkali-metal-amide melt, and growing up 13 fellows nitride crystal on a 
seed crystal or a substrate in a manufacturing method of 13 fellows nitride crystal given in 
claims 1 and 2. 

[Claim 8]A manufacturing method of 13 fellows nitride crystal establishing a temperature 
gradient into alkali-metal-amide melt, and arranging said seed crystal or a substrate on a 
low temperature part in a melting solution which established a temperature gradient in a 
manufacturing method of the 13 fellows nitride crystal according to claim 7. 
[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the manufacturing method of 13 fellows 

nitride crystal. 

[0002] 

[Description of the Prior Art] Now, the manufacturing method of 13 fellows nitride crystal 
has Ga203, a solid-phase-synthesis method by the reaction of ammonia gas, and vapor 
phase growth in use, such as MOCVD and HVPE, if GaN is made into an example. 
However, it cannot be said that GaN compounded by these methods is provided with 
character sufficient practically not necessarily. For example, there is a problem that 
crystallinity is bad with low purity and that there are many defects. 

[0003] Generally, there is the feature of being easy to obtain a quality crystal compared 
with a solid-phase-synthesis method or vapor phase growth in a solution synthetic method. 
The solution synthetic method of GaN is reported by S.Porowski (literature l), R.Dwilinski 
and others (literature 2). 

[0004]By the method of the literature 1, a 6-10-mm GaN single crystal is obtained. 
[0005]In the literature 2, crystallinity is reported to have obtained the good high-intensity 
GaN powder crystal. 

[0006]Literature l: Journal of Cryst Growth 178(1997) 174- 188"Thermodynamical 
properties of III-V nitrides and crystal growth of GaN at high N2 pressure" S.Porowski 
literature 2 Acta Physica Polonica A 88 (1995) 833-836 "GaN SYNTHESIS BY 
AMMONOTHERMAL METHOD" R.Dwilinski [0007] 

[Problem(s) to be Solved by the Invention] However, high voltage called 100 - 500MPa is 
required for the method of 2000MPa and the literature 2, and the method of the literature 
1 is accompanied by danger. Considering industrial production, very expensive equipment 
is needed for high pressure installation. 

[0008]This invention was made in order to solve an aforementioned problem, and an object 
of this invention is to enable composition of 13 fellows nitride crystal, especially solution 
composition by a pressure with little danger. 
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[0009] 

[Means for Solving the Problem]To achieve the above objects, composition of this invention 
of the following (l) - (8) can attain. 

(1) It is a manufacturing method of 13 fellows nitride crystal which heat-treats metal 
and/or a compound containing at least one kind of 13 group elements, and alkali metal 
amide under ammonia atmosphere, A manufacturing method of 13 fellows nitride crystal 
contacting metal and/or a compound which alkah metal amide is more than a 5 time mol of 
metal and/or a compound containing 13 group elements, and contain 13 group elements in 
fused alkali metal amide. 

(2) It is a manufacturing method of 13 fellows nitride crystal which heat-treats metal 
and/or a compound containing at least one kind of 13 group elements, and alkah metal 
amide under ammonia atmosphere, A manufacturing method of 13 fellows nitride crystal 
which alkah metal amide is more than a 5 time mol of metal and/or a compound containing 
13 group elements, and is characterized by dissolving metal and/or a compound containing 
13 group elements in fused alkah metal amide.' 

(3) A manufacturing method of 13 fellows nitride crystal given in (l), wherein a compound 
containing said 13 group elements is amide or an imide compound of 13 group elements, 
and (2). 

(4) A manufacturing method of 13 fellows nitride crystal given in (l), wherein said alkah 
metal amide is lithium amide, sodium amide, potassium amide, or these mixtures, and (2). 
A manufacturing method of 13 fellows nitride crystal, wherein a pressure of ammonia 
appears in (5), (l), and (2) 50 to 0.1 MPa in a manufacturing method of 13 fellows nitride 
crystal of a statement. 

In a manufacturing method of 13 fellows nitride crystal given in (6), (l), and (2), A 
manufacturing method of 13 fellows nitride crystal containing an impurity element, 
wherein it adds an impurity in a raw material and an impurity comprises a substance 
which contains at least a kind of element chosen from a group which consists of 12 fellows 
and 14 fellows from 17 fellows' element from two fellows. 

A manufacturing method of 13 fellows nitride crystal arranging a seed crystal or a 
substrate into alkali-metal-amide melt, and growing up 13 fellows nitride crystal on a seed 
crystal or a substrate in a manufacturing method of 13 fellows nitride crystal given in (7), 
(1), and (2). 

A manufacturing method of 13 fellows nitride crystal establishing a temperature gradient 
into alkali-metal-amide melt, and arranging said seed crystal or a substrate on a low 
temperature part in a melting solution which established a temperature gradient in a 
manufacturing method of 13 fellows nitride crystal given in (8) and (7). 
[0010]That is, in order that 13 fellows nitride crystal of this invention may solve an 
aforementioned problem, In a manufacturing method of a raw material containing at least 
one kind of 13 group elements, and 13 fellows nitride crystal which heat-treats alkali metal 
amide under ammonia atmosphere, Size of alkah metal amide is more superfluous than 13 
group materials, and a raw material containing 13 group elements is contacted or 
dissolved in fused alkah metal amide. While alkah metal amide promotes generation of 13 
fellows nitride crystal in this invention, a role which dissolves 13 group materials is borne. 
Although a method shown in the above-mentioned literature 2 is a method of 
manufacturing 13 fellows nitride crystal by a system which consists of a raw material, 
alkali metal amide, and ammonia containing 13 group elements, this method makes 
ammonia of high temperature high pressure a reaction field, and dissolves 13 group 
materials and alkah metal amide in ammonia. On the other hand, it is a method, wherein 
this invention contacts or dissolves a raw material which makes a reaction field fused 
alkali metal amide, and contains 13 group elements in this. Alkali metal amide is added to 
an overlarge from the purpose of enlarging a touch area of 13 group materials and 
alkali-metal-amide melt, and the purpose of dissolving 13 group materials. If ammonia 
atmosphere is used in this invention in order to prevent decomposition of alkali metal 
amide, and it is the conditions which alkah metal amide does not decompose, it is not 
necessary to carry out pressure up to supercritical like a method of the literature 2, and 
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this invention is possible also under ordinary pressure. 

[00 11] Although this invention is made into one thing of the purpose for which 13 fellows 
nitride crystal is manufactured from a solution, solid phase reaction which contacts a raw 
material which only contains 13 group elements to metallic amide melt can also 
manufacture 13 fellows nitride crystal. 
[0012] 

[Embodiment of the Invention] Next, the embodiment of this invention is described. 
[0013]As 13 group elements, although B, aluminum, Ga, In, etc. are mentioned, the 
compound containing 13 group metals and 13 group elements is used for 13 group 
materials in this invention. As a compound containing 13 group elements, it is 13 fellows 
amide and 13 fellows imide, and aluminum amide, aluminumimide, gallium amide, 
galhumimide, indium amide, and indiumimide are used preferably When aiming at 
composition of refining of 13 fellows nitride crystal, a thin film, and a bulk single crystal, it 
is possible to use 13 fellows nitride as a raw material, and A1N, GaN, InN(s), and these mix 
crystals are used preferably 

[00 14] Although an impurity may be added to said 13 group-metal amide or imide and the 
substance containing at least a kind of element chosen from the group which consists of 
two fellows from 14 to 17 fellows' element as an impurity is used, [ 12 fellows and ] The 
substance which contains the element of alkaline -earth metals, rare earth, 12 fellows, and 
14 fellows preferably is used, As an alkali earth metal element, more preferably Be, Mg, Ca, 
Sr, Compounds, such as Ba, the metal which contains elements, such as Si, germanium, 
and Sn, as Zn, Cd, and 14 group elements as a rare earth element as Pr, Nd, Sm, Eu, Dy, 
Ho, Er, Tm, and 12 group elements and amide, imide, and a nitride, are used. 
[0015]As an example of alkali metal amide, lithium amide, sodium amide, potassium 
amide, and these mixtures are mentioned. An addition is a five to 10000 time mol of 13 
group materials, and is a ten to 10000 time mol preferably. 

[00 16] Generally adding a seed crystal and growing up a crystal by using a seed crystal as a 
core as a technique into which a bulk single crystal is grown up, is performed. When 
growing up a thin film crystal, it is common to use a substrate as a foundation of a thin 
film. A seed crystal or a substrate can be used also in this invention. As a seed crystal or a 
substrate, it is stable under a reaction condition, and it is preferred to consist of a material 
similar to 13 fellows nitride which a crystal structure, a grating constant, and a coefficient 
of thermal expansion make the purpose, and it is more preferred that it is the same 
construction material as 13 fellows nitride made into the purpose. A1N, GaN, etc. are 
mentioned as an example. That into which 13 fellows nitride crystal was grown up can also 
be used on different-species boards, such as sapphire and SiC. The size of a seed crystal or 
a substrate can be chosen according to the size of 13 fellows nitride crystal made into the 
size of a reaction vessel, and the purpose. 

[0017]the range which the reaction temperature needs to be more than the melting point of 
alkali metal amide in this invention, and are 210 ** - 1000 ** - they are 210 ** - 600 ** 
preferably. 

[0018]About pressure conditions, it is 11.28 - O.lMPa more preferably 20 to 0.1 MPa still 
more preferably 50 to 0.1 MPa. 

[0019]As reaction time, 5 hours or more are preferred and is 24 hours or more more 
preferably. 

[0020]This invention carries out 1 embodiment and the manufacturing process of 13 
fellows nitride crystal is shown below using the device shown in drawing 1 . 
[002l](The 1st process) A seed crystal is put in and sealed 13 group materials, alkali metal 
amide, and if needed under a nitrogen atmosphere to the pressure vessel 1. Under a 
reaction condition, the pressure vessel 1 has stable character here to heat resistance, 
resistance to pressure and 13 group materials, alkali metal amide, and ammonia. 
[0022] (The 2nd process) A pressure vessel is filled with the liquid ammonia separately held 
to the pressure vessel 12 next from the valve 9, or ammonia gas is introduced from the 
valve 8. 

[0023] (The 3rd process) After sealing a container after that, it heats to a predetermined 
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temperature with the heater 2. It agitates.with the agitator 7 if needed. 

[0024]The (4th process), next after carrying out predetermined time maintenance, it cools 

to a room temperature. 

[002 5] Contents are taken out, after exhausting the residual gas (ammonia as an example) 
after cooling and in a container and carrying out the nitrogen purge of the inside. Since 13 
fellows nitride crystal which is an object in this invention is obtained in the state where it 
was divided into two-layer in the state where it sank in alkali metal amide, both 
separation is easy and can reuse alkali metal amide. 

[0026]In the separated stage, since alkali metal amide has adhered to 13 fellows nitride 
crystal, it processes with chloride and alkali - metal amide is dissolved, after that, a ** 
exception carries out an insoluble matter, it is rinsed, and 13 fellows nitride crystal is 
obtained by drying. With the device shown in drawing 1 , in order that ammonia may 
liquefy by the piping section which is not heated, in order to obtain the target pressure, 
ammonia more superfluous than the quantity calculated from the content volume of the 
pressure vessel 1 is required. 
[0027] 

[Example] [Example l] 12.77 g and 23.82g of liquid ammonia were taken [ Ga(NH2) 3 
powder ] for 1.65 g and LiNEh powder to the pressure vessel with a content volume of 283 
ml, and the container was sealed. As a result of holding at 400 ** for 24 hours, the pressure 
rose to 16.4MPa. 

[0028]The container was processed after cooling, contents were processed with chloride to 
the room temperature, the insoluble matter was filtered and rinsed further, and the 
off-white powder 0.81g (69% of yield) was obtained. The X diffraction of the obtained 
powder is shown in drawing 2 . 

[0029] [Example 2] To the pressure vessel with a content volume of 283 ml, 16.2 g was 
taken for Ga(NH2) 3, 23.83 g and 16.42g of liquid ammonia were taken for L1NH2, and the 
container was sealed. As a result of holding at 400 ** for 24 hours, the pressure rose to 
10.9MPa. 

[0030] Contents were processed with chloride after cooling to the room temperature, the 
insoluble matter was filtered and rinsed further, and the off-white powder 0.84g (72% of 
yield) was obtained. The X diffraction of the obtained powder is shown in drawing 3 . 
[0031] [Example 3] 1.65 g and L1NH2 were taken to 23.92 g, 23.82 g of liquid ammonia was 
taken to the pressure vessel with a content volume of 283 ml, and GatNPb) 3 which added 
1100 ppm of ZnOSfflb) 2 was sealed. As a result of holding at 400 ** for 24 hours, the 
pressure rose to 17.3MPa. 

[0032] Contents were processed with chloride after cooling to the room temperature, the 
insoluble matter was filtered and rinsed, and the off-white powder 0.98g (85% of yield) was 
obtained. The X diffraction of the obtained powder is shown in drawing 4 . 
[0033] [Example 4] A 2.5x1. 5x0.2-mm GaN seed crystal was fixed to a 20-mm position with 
the wire from the bottom of the pressure vessel with a content volume of 283 ml. In the 
container, 0.83 g was taken for GatNEfe) 3, 72.62 g and 16.34g of liquid ammonia were 
taken for L1NH2, and it sealed in it. As a result of holding at 400 ** for 24 hours, the 
pressure rose to 9.8MPa. 

[0034]To the room temperature, the seed crystal was taken out after coohng and it washed 
with water. On the surface of the seed crystal, the crystal of the hexagon had grown to be 
island shape. The optical microscope image of the grown-up crystal is shown in drawing 5 . 
[0035] [Example 5] Take 1.67 g for Ga(NH2)3 which added Mg(NH2) 2 [ 1400 ppm ], 24.11 g 
and liquid ammonia are 23.93g Taken for LiNH2, and it takes and seals to a pressure 
vessel with a content volume of 283 ml, and holds at 400 ** for 24 hours. 
[0036] Contents are processed with chloride after cooling to a room temperature, and if an 
insoluble matter is filtered and rinsed further, the GaN crystal in which Mg was added can 
be obtained. 

[0037] [Example 6] 24.11 g and 23.93g of liquid ammonia are taken [ aluminum(NH2) 3 
powder ] for 1.05 g and LiNH2 powder to a pressure vessel with a content volume of 283 ml, 
a container is sealed, and it holds at 400 ** for 32 hours. 
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[0038]A container is processed after cooling, contents are processed with chloride to a room 
temperature, and an A1N crystal can be obtained if an insoluble matter is filtered and 
rinsed further. 
[0039] 

[Effect of the Invention] According to the manufacturing method of 13 fellows nitride 
crystal of this invention, manufacture of the nitride crystal from a solution is attained on 
pressure conditions with little danger. Therefore, the thing which manufacture good 
crystalline 13 fellows nitride crystal safely and cheaply and to do can be performed. 
[Brief Description of the Drawings] 

[Drawing l] It is a cross section of the manufacturing installation of 13 fellows nitride 
crystal in the example of this invention. ., 

[Drawing 2] It is a powder X diffraction figure of the GaN crystal obtained in Example 1. 

[Drawing 3] It is a powder X diffraction figure of the GaN crystal obtained in Example 2. 

[Drawing 4] It is a powder X diffraction figure of the GaN crystal obtained in Example 3. 

[Drawing 5] It is an optical microscope image of the GaN crystal grown-up on the seed 

crystal in Example 4. 

[Description of Notations] 

1 ... Pressure vessel made from Hastelloy 



2 .. 


Heating heater 


3 .. 


Lid 


4.. 


Packing 


5 .. 


Bottle with a bundle 


6 .. 


Thermo couple 


7 .. 


Agitator 


8.. 


Valve 


9 .. 


Valve 


10 


.. Safety valve 


11 


.. Pressure gauge 


12 


.. Glass pressure vessel 


[Drawing 1] 
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[Drawing 3] 





[Drawing 5] 
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* NOTICES * 

JPO and INPIT are not responsible for any damages caused by the use of this 
translation. 

1 .This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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KJS*fcU 7y ; £-7tl 3$afSk 7JWJA117 

L£7;U#y&JK7 5 h*£RJ6«fc U -Iflfcl 3Ktc 

f 1 3BUSSt7;^UA«7S F«iK<9S»B 
m^±^<-fhSmb 1 3ftlH#£»JS'$-*BWfca>& 

« t V vt 7 ^7»B» tt & <0U 7/1^ 'J #J17 

5 K*>4WHfrl»CteK>Ta 0 s 7JWf U ARTS 

[ 0 0 1 1 ] 4fc. *5ffiH{±»a*»^> 1 3«Sfl3l*8hft 



7G***tr®B££«7 s mmizmm^mmm 

1 3ft3fett*Sft£«3&t£ £ fc*«T* S . 
[00 12] 

■WW*. 

[0013] 1 3»oc£fc LXlt. B,AUGa, I 
nWWMU*. *ISWt*J»t6 1 SifeRBtttl 
3^«at/"13«7C*^^b^WfflV^ill»„ 1 
3Ssa&££tHI:#fti: LTIi. 1 3*75 F, 13ft 
-f SKTfc-aT, ff*L<H7;WS-^A7 5h\ 7^ 
$->?JW$F\ tfU'W.TSK, #y*M5K, -f 

fc. 1 3ft^kWS B a B ^««, »]«a^A;|,^#|Sft<0 
£**B«fc1-**6fcli. 13«HflS»*Jll»i:LT 
ffl^SikA^TI&f* 1 ). A IN. GaN. I nNSl/ 

[ 0 0 1 4 ] 4fc. fiulBl 3ifefeJI7$ FXtt-f 5 Ffc 
**Hfc*lniiTfeJ:<, ^ftkLTli. 2**>S»12 
DUStVl 4K*»fe 1 78#>te*J: OfciSfr&WWffi 
1 4>Hi«Sc«t-*trtMWfflv^ii**« s iff 
*t<(i7;^y±WA«, «±SL 14MO 
7n**-&tf ftS**fflv^<i, J: 0 ff 4 U < ii7;P^ V ± 
3S^Ji7C*kL-CBe. Mg, Ca, Sr, Ba. *± 
«7C*i:tTPr, Nd, Sm, Eu, Dy, Ho, E 
r, Tm, 1 2R7C»fcLTZn, Cd, 1 4ft7C*i: 
LTSi. Ge. Sn^07C*S-#tf^Ja^7 5 h\ A 

[0015] TTMr'JAKTS K«ft#Hk LtiiUf- 

i*i4>oa^*«Pfrf t<x*. aiii 3ftjif4«5 

-lOOOOfg^l/f^D, »4L<{il0~l 000 

[0016] /^»ISft&JSS5*6*ffik LT, 8 
*Sa*3Dis » B B %^t LT^ B B B &fi!c*§^l>-J:^ 

ate B B B X(i«k LT(iSJt5ftftTT"KST"S> 1 9. 

ig B B B ffiji. *s^®». mwmimmmtti 1 3ms 

S 1 3 ggftft k R tttVVfo h i k i "3 #4 L 
M^Jk LTiiA 1 N N GaN^jbWjtWfetL*. 4fc. 
^77-47^ SiCft fc'SliiiC 1 3 ftS^MS A 
fc«*S*fc t> fcffl v M> i k *^C& 4 . S^AXiiS 
««>**«fl4Rl6W»«**SXVlWi:i-* 1 3ftM 
•ffc*g B B B 0;*:# $ tJE tt k 4*7* * . 

[00173 *w»£iivvc, raeauBiTA'* y^« 

7 5 F WM^I^LhT'J) h teWififo 9 , 2 1 0 °C~ 1 0 0 
O'COKH. iff4L<ii2 1 0°C-6 0 0 o Ct"fc§„ 
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[00 18] JBl*frfcOVvOJ, 50-0. IMP 
a. ££>«ff£L<i£2 0~0. IMPa. J;9#£L 
<til 1. 2 8-0. IMPatW. 

[0019] RjtSWfiSfc LTIi. L 

[0020] *%jm-mtsm ix.mi k^-tub 
[0021] (ssiois) &m%iizw.mmm%T 

T'l 3ftRfifc7*;^U^HT5 F&tA&gfciEtTai 
f£ B B B £A^ffl-fft. ii-CEfi^SlfcliRJ^ttT 
fctSVvtffiSfett. IfEtt&tfl 3«M£k r/k&'JS* 

co-e&ft. 

[0022] ( m 2 cox®. ) mzwmE^m 1 2 1« 
A\ XJiAVuysiOTy^Ttfx^A-tft. 

[0023] <SI3«0Ig) g»**fflLfc 

a. t-^-2TF^^«iT-M-ri»„ 4*:, m 

fcJ6tTJW«l7 

[0024] (*4 wis) at. msNffaetKfLfc 

[00 25] (flttWi LT 

Srixoaj-t. #?^«3ttft s ware* a 1 3ws.m 

eftttTA-* U&JRTS Hcft^Wt'2Jl£#*tfl 
fe«IBf?»fe*i*3ttopi|«^«ti«ST » 0 . 4 ^T 
;k* U AIT 5 H fcflfWii" ft d 4*7 # ft . 

[0026] #«Lfcgarc« 1 3iHbiifttw 

QUARTS H#fl*LTV*4fcfc, iggrtMSLTT 

*ftu mm-h^zz. *) 1 3^b« H B H 2rt# ft. 

ffl, H 1 t*LfcSercJiMfe§fi ! 5:^ffi«»«'TT>' 
[00 27] 

[IQfcWJ [£JfcW 1 ] 8 3ml «£E*»»fc 

Ga ( NH 2 ) 3 «*tl. 6 5g, LiNH 2 $»*£ 
12. 77g, fciVm#:Ty ; t-T&2 3. 82gfc 
0, 83&£«BJb)t. 4 0 0X;T2 4l$ia«8rU:*& 
ffi^il6. 4MPa£T"±#U:. 

[0028] ssssiBi -ram rtsm&fflR-cffl 
su ^h^m^rmi. ymtxR&^mm. 

8 1 g (JR*6 9%) *§fc*lfc»*<0X*|BWf 

£02fcjjcf. 

[0029] [»2] F<M2 8 3mlc7)E7jM§ 
tCGa (NH 2 ) 3 £16. 2g. Li NH 2 5:23. 
8 3g. fcJ:yl*7^-7^16. 4 2gfc9, 8 
»fc*HILfc. 4 0 0°CT"2 4B#r B 1«»UcteS, E7J 
til 0. 9MPa*T±*Lfc. 



[00303 iWfteBirCffiSU 
SfeJCRMHt^lL, *«tLTKee»*0. 84 g 
0D»7 2%) fcfcfc. fc&h.fc»*0)X«|IIJr£El3 

[003 1 ] [£N0!3] Zn (NH 2 ) 2 £1 1 0 0 
PPm«ftlLfcGa (NH 2 ) 3 *1. 65g. LiN 
H 2 Sr2 3. 9 2g. fcit/'?S#:Ty ; &-T2 3. 8 2 
g£rtS*2 8 3mltf)E:&&»fc:fc9. ISU. 4 
0 0*C?2 4l$ia«ftUt*Slls E7Jiil7. 3MPa 

[0032] m&tx'<%m%. ftms&smx-imi* 
^miiFAis *mixmm*o. 9 8g or* 

8 5%) fcttfc. 1#&ftfc»5fcOXttlllSr£04K* 

[0033] [H»J4] l*l^»2 8 3mlC7)E7J§§l 
tf)Jg#^2 0mmiO{5Bt2. 5X1. 5X0. 2mm 
<OGaNate B B B £y^--eS]£U:„ SHBfcGa (NH 
2 ) 3 £0. 8 3g. LiNH 2 £7 2. 6 2g, is XX/ 

mftTy*~T*i6. 3 4gfco. mmitz. 400 

°CT"2 4B#p B 1ffi^L^^m. 8MPaitl 

[0034] sffl* T^aa, s ^ H B a £iix 0 aj t . *t 

[0035] [»fifJ5] Mg (NH2) 2*1400 
PPmWllUrGa ( NH 2 ) 3*1. 67g, LiN 

H2&24. us. a xvmfary^-TZ 23. 9 

3gfc9. rt^2 8 3mlcOE;*jg3Sfc:i:9» flfH 
L, 4 0 0^T'2 4B#PS«#-fft. 

[0036] SiaiTJ^fts rt§8j£SlrC«yiU 
$ 4>CTf&ft&rSU **** tMg^JnStlTtG 
aNfg B B B £ttft;ifc#m:*ft. 

[0037] [H!^J6] ^«2 8 3mlc0E^H 
tAl (NH2) 3»*&1. 05g, LiNH2^* 
£24. 1 lg, Hi.l/mW7V : t-7*23. 93g 
tD. «S&*fBU 4 0 0°CT-3 2&mmtk. 

[0038] »»*s«a*-c^iPtts mmzmx-m 
#ftifc* J ffi*s„ 

[0039] 

ikCDWmtf^mtKt* ZCTitzfo, feftttOJlVU 3ft 

aflsa^tK^osatdBfrr 4-t ft - 1 *^c* 
ft. 

[0ffiC7)ffi#^!KBH] 

[HI ] *f6fl*OSaS0ltt5tt4 1 3ftS^»g B B B <7)S 
[02] UttflJ 1 Tlffe G a N |§ B B B C0^* X JRHBTf HT" 
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4 • ■ 


■ A-ydf > 




5 • • 




[04 ] |||W3TlfJtGaN^<7)*j*XS|[IItffllT" 


6 • • 


■MWtt 


»i. 


7 ■ • 


•Iff! 


[05 ] ^»J4T« H B 9 ±fc^L^GaN^B a B cO^ 


8 • • 


■ aw 




9 • • 






1 0 • 




1 • • ■ AX-fn>fS!E*«» 


1 1 • 




2 • ■ • JnJRt-* 


1 2 • 




3 • • • S 







[01] [02] 
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F 4G077 AA02 AA03 BE11 BE13 BE15 

CD05 EA03 MB12 MB35 QA04 
QA12 QA34 



